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I. Intr,:odueti.on 
Suceinate--gyto~hlome c reductase (NCR)* ha~ 
been isolated from mi~ochondria and purified in sev- 
,eral laboratories [ 1-3]. 'The p;epamtion has been 
~tudied, bo~h as an entity ,~, 4] and as starting mate- 
rial for f~Ither pu,xJf~cation Imfl ieco~stimtion 12]. 
Pxepa~mions o f this kind comain, among othei  com- 
ponents, ~cc inNe d~hy drogena~e, ~the cytochrorne. 
b's and cyto~bxome e~, ..and anfimycin-sens]tNe d c- 
iron flow spans the ca~rieTs as~oeimed with the second 
phospho~ylati.on size. Recent observation o f  changes 
in the midpoint po~entia,] of eytochrom~/)T ~apon pas- 
sage of  elec~,ons Ikro~gh s.uccinate.-eytochlome e 
re duc~ase suggests ,tha* ~he preparation ~etain~ ome 
port ion of  the prima~y en:erf, y-con.~exving mecharfism 
[5]. This ob~rva~:ion, ~te ge~her wN~. that o f  uneoup]er- 
induced stimulation o f  re,consti~ted cytochrome 
oxidase [6] enermraged us to examine the effe.ct .of 
uncouplers on purified suc:eJna~e--cymehrome e ~ - 
ductase ,ac,tivi,ty. 
2. Materials and methods 
Si,rccinate--cylochr0me c z¢:duct.a~e was purified 
from phosphate-washed beef heart mit,ochondria by 
the method of  Yamarihita nd Racke~ 12] Which is es- 
I ~entially a eholate x~aetion foItowed by ammonium 
*Abbreviations: SCR, suecinate-.cytoehrome.e Ieduetase; 
CCCP, em'b~nyleyanide mr.~ehlo~ophenyLhydrazone; YC~P, 
cafbonylcyanide p-Lriflu ozom,~ th oxyph enylhy Omz one; 
NQNO, 2..,nonyl~4-~ydroxyqu'moline-N-oxide; DNP, 2,4- 
dini.t~ ophen6l; oetyl-DNP, ,6-o:etyl-2,4-flinitrol~henol;hydro]~ 
.apachol, 2 -hydr  oxy-3-(3"~n ethy lbu~yl ) - i  . ,4-naphlh oquinone-  
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sulfm,e frac~ionadon. The reducmse preparation wa~ 
'hhen flialymed foI 213 hz at !0°C ag~st  20 wo] ~f I~G 
him t,o~assium phosp~Ie  buffer a~ pH 7.4 contM,ui~ '.,; 
0.5 r~-:M EDTA. SCR ac~ivi~ was measured a~ 2,D~C 
with a Pe~kin-Nme~ ModN 350 speet~OphrOtOmete~ 
the- spti~-bem ode employing a reaction mediu:,~ 
con~alning 60 ynsM sodium sueeinate, I znM EDTA, 
potassium phosphate 60 mM pH 7.4 mad cym.cla~o,~_~e 
e i(Sigma~ Type H) 1.5 mg in a f inn vo] ,of l.O ml. 3", t: 
amounts of ~eductase emplwed we,~e 0.06 mg and 
0.3 mg in the experiments reported in tables I and 2~ 
Table  ] 
S*imlf lat i~n col ~na ,~ einate --cy ~o~hloxne c ~.due~ase by  xanetm~-  ~s.  
Ad.dili,oms 
(nm~les]r~in) 
None 4.g 
C"CCP 2,0 ~aM 17.7 
FCCP 20 ~M 8.,0 
D•P 125 V~5l 4.9 
Oetyl DNP 25 VN '5.2 
CaCI~ 217 mM 4.8 
Tabie 2 
~eaea~se ,of hya.Tohpacho] ~J-fibition e,n addhiDn ~of .-l.m~uplez3.. 
Additions 
a-edgc~ d 
~(nm .ole sL,:=, m? 
Nome 4.9 
Hyd,rot~_paeiaol ;8.2 a~mo]es 1.1 
Hydrolapaghol 8.2 ~amoles ÷ CCCP 2.0 ~£M 3.2 
Hyd:rotapacho118.2 n,rnotes +FCCP 20 ~M 3.1 
Hydxolapa-ch~l 8.2 nmoles + DNP i2'3 :aM 2.5 
Hydcolapa:eho] '8.2 ~amoles + cholate 0.S% 4.9 
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;espe~fiv:ely. Difference spectra w,e~e obt~&ued using 
the same ~stru~nent w~Lh SCR ~uspen,d,ed in a ~nedium 
~nta in ing 60 ~ potassium phosphate pH 7.4. 
3. Resul~s 
Addition .of ,uncomple~s of oxkhfive phorphor~la- 
fion gbes ~se to stimulation of suochua~ oxidation 
by SCR (tab~ l). Tl-.¢ ~thnu]afion is most d~amatic 
~i]a C:CCP and FCC~, w~ai]~ addition of Ca m+, an un- 
C0Upl~X ~/~In the C~..~J~ Of ~tar~t mitrochondr~a, ~s v~khol~t 
cf£cct. Likewise= in o~her experhnent~ (not shown) 
afld~tion of ~a~hu.omycin iu the p~escn.ce of K + did not 
t~ve fi~ to s~m~u]afion of c]ect~on tzansporL Stimu]a- 
7don by ~/n¢ou~]~rs wa~ '.lessened ~heri ~Tda~ysis was 
omitted pe~hBps ,owing to incxcased cho]a~e i~ the 
prcp~ra,tion which would giw ~c to less vcfica]~ 
character ~7]. That a vesicular prcpm'ation is ~equ~red 
for sti,mu]ation by uncouplers h also consistent w~th 
~e ob~rvation ,that inclusion of 0.5% ~od~um cho.']atc 
in the ~eaction med~u,ra xende;s SCR i~s~nsitiv¢ to 
addition of  CCCP. 
The f~_~uxe to observe substm~ti~d stimulation of 
oleo,Iron flow on addition of DNP (while octyl-DNP is 
effective) appcm-s to ~.:em~h f~orn a ~cDndary ~bifi, on 
of the reducl~se by the somewha~ higher concentrations 
• .of D}~P ;equi~ed. We haw found fl~at t/~e [apid elec- 
tron transporl measured in the p~e~n=e of CCCP ~s 
in]~bited about 4~ by 5D 9M DINP. It appears that 
inhibition by DNP o~cmrs at a ~oncent~afion ¢ompao 
ruble to that at .which its uncoupling effect co~enccs ,  
So 'that uncoupling effects arc d~'~i~-hred. OC~j~]-D~P 
~ncoaples at a }owc,~ concentration fl~an DNP i t~l f ,  
owing 'to ~ts meres'seal ~olub~ty ~T~ lipid and, thus, 
remains an effective s~u la to~ of e]ect~on ~.~m.,SpoIt. 
This ~e~]i ~ggests ,that uncoupling may ~cfJect ,.the 
compound% conzent~ation in l~pid, while inhibition 
~eflects that iu the aque:ons phase. 
~ ,~howed eart'ier that inhibition of mitoehond,fia] 
~ccinoxida~e by hydroxynaphthoq~finones and hy- 
droxyqui~o]ine-N-ox~nnes was ~eversib!e upon addition 
of nn,coup]ing ,compounds I,~]. Rcvera~b~]~ly appears 
,due ',to the ,encIgy-linkefl Iranslocation of  ~he ~ i I¢~ 
to i~  locus ,of action and it is noteworthy 'that it does 
not oc~u,~ w~th infid¢-out ~tibmitochondfial p~rticles 
[9]. Thus, it is of  interest ,~ro :exarnSne SCR for sin~lar 
~eversibili~'y ~f inhibition, in part %~cau~e .of ~he bea~- 
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~i~. I. Chan~e in ~e exid~fi~n-~e~ction d~tfe~¢n=~ spe=- 
~a~arn of SCE ~pon eddi~isn ef C~C9. "~ ~-'~'¢.~t¢~s con~ain- 
eft ~O ~T~v~[ p~la3si~rn ~p[hosp_ha~e p}l 7.4 and 2.0 ~ of ~ 
;edu~t~B~ p~p~Tafiom ~ a ~] of ~ .2 ml  ,C~'~or/~;em= ¢ %YeS 
mot p;csen% ~h~ the me~um: A) Ba~e'lh~e {oxifl~ed-o~ddh~d; 
B) Red~d (8 mM sofl~.. u~n s~=c'.Ina~e)-oxidizcd; C) CCCP 
(3D ~M) added to ~t  cu¥~.  Sp~¢:tr~m C was u~m~t=~.~d on 
addition of CC'CP to ~¢ ~cSelcncc ure,re, as w~3. In Z~s 
p/ep;gxa~om, abo~a~ on,-half of ~ d~th~oxfiI~ ;eflu~ib]~ %o- 
¢:]-~orn~ b wa~ ~=d~D~d by suocin~ 
Lug that su~h h~fonnafion may haw .on the ~id~dn~ss 
of the ~eduet~ yes,clam Tabl~ 2 demonstrates sub- 
stanfia] xe]ease of hydrola~acho] ~b i f ion  with CCCP,  
F.CCP, D NP, o=ty~-DNP and cho]ate, and it shou}d 
pointed o~t %ha~'th~ de@/¢e of stimulation of the kn- 
~b~' ted  ebetron flow (~ab],e ]). 
Un~o~]ex- indu~d sfirnnlafion of ze~2iratibn 
inta=t m'd~to~hon.dTh is a.c.co~npan~ed by .~a~es  in the 
oxidation--~¢duction state of .the in.d~vidaa] car~e~s of 
~lhe respiTatory chain []0]. Fi~. 1"~hows that addition 
~f CCCP to SCR, m the prcsen~ of suc.ci~a~,', causes 
an oxidaIion o f  cytoch~ome(%] b and a ~e,du¢fion of  
cytochrome ~.  
4.  Discussion 
The 'fact that uncouplezs of oxidative ph..osphoryh- 
fion sft-nahte ¢le¢~on tremspo.r.t and ~eh,as~ ~espkat, ory 
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inhi'bition in pur i f ied SCR ]ndicale,s tha i  some features 
of  ep_~gy-coupling ,~e~aha in th~ parti~.lly .resolved, 
ve~icular preparmion.  I f ,  as widely supposed,  uncoxa- 
plots act by  conduct ing protons  across ~he collplirl~ 
naemb~ane [ I 1 ], ~.n.co,up]~>mdu.ced s~imu.'ladon f
SCR activity probably retie cts collapse of a proton 
grad.~ent ,(or ma ,equiv~dent potent ia l  d i f ference) which 
opposes eleci~'on f low. Sanee it is imp lobab le  ttaa~ a
putT.Weed segment of the lcspi ratory .chain wo,~ald ~oLa- 
'rain a specific.proton pump, i~ is lik,ely that electron 
t ransport ,  itself, p~oduces the gradiem,  perhaps by  oc- 
.eu~r'mg in a vector ial  fashipn as suggest,ed by  Mitchell  
t]2]. 
I f ,  as w,e havre su:gges,~ed [9], x,eleaze o f  naph,tho. 
,qu ino~ in_hibit~on by  uncoupler~ is due 'm failuz,e o f  
eoncent~rative t ransport  o f  'the intfibito.~ to ~'ts ~te of 
act ion,  then tha't site must  be haaceessible t.o the ex- 
ter ior both  in ha,~act m~toch.ondria [g,  9] and :m SCR. 
Thus,  these two sy~tena~ appear  to ,exhibit the same 
~idedne~ in cent.rest ~o sonic submimehan:dr ia l  par- 
t~cles, where inhibition i~ noI rdeased by nnc,:onpgng 
and where,  premamably,  the si~e o f  inhibit ion is ex- 
pos.cal. 
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